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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a thin-film cold cathode 
improved in the 

dielectric pressure resistance characteristic of an oxide film 
between a 

semiconductor substrate and a thin-film electrode, and its 

manufacturing 

method. 

SOLUTION: This thin-film cold cathode emits electrons into a 
vacuum by use 

of hot electrons accelerated within a solid. The thin-film cold 
cathode 

includes an Si substrate 1, a tunnel oxide film 2a formed on the 
Si substrate 1 

through the rmal o xidation and subjected to a gettering 
processing, and a 

thin-film electrode 3 formed on the oxide film 2a. The 
gettering process is a 

halogen-containing oxidation process, that is, oxygen 02 with 
the addition of a 
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halogen-containing gas, e.g. hydrogen chloride HC1, is supplied 
to effect the 

thermal oxidation on the Si substrate 1. As a result, the 
dielectric pressure 

resistance characteristic of the oxide film 2 can thus be 

improved . <== _^_^ > 
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* NOTICES * ^O&O — 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film cold cathode used for the equipment 
which uses electron rays, such as an electron microscope and electron-be am -lithography equipment, and its manufacture 
method. It is related with the thin film cold cathode which raised the isolation voltage property of the oxide film between a 
semiconductor substrate and a thin film electrode especially, and its manufacture method. 
[0002] 

[Description of the Prior Art] Drawing 2 is the cross section showing the conventional thin film cold cathode. This thin film 
cold cathode is carried by Journalof Vacuum Science and Technology, vol.Bl 1, and pp.429-432 (1993), and consists of metal 
insulator semiconductors. 

[0003] it is shown in drawing 2 - as - the front-face top of the Si substrate 1 1 - Si02 etc. - the oxide film 12 for isolation is 
formed On the whole, this oxide film 12 for isolation has the thickness of about 500nm, a nd has many portions whose 
thickness is about 5-20nm locally . A portion with a thickness [ this ] of about 5-20nm is set to tunnel oxide- ii lm 12a. l]£is _ 
tunnel oxide-film 12 a is a thermal ox^aaTio^rlTIm^^ inan oxidization 

1urna^eTano r heatin g the Si substrate 1 1. On the oxide turn iz ior isolation , and tunnel oxide-film 12a, the thin film electrode 
13 to whtclTfnTThln from the aluminum which is about 10-30nm is formed The crevice of this tunnel oxide-film 12a turns 
into the electron emission section 14. 

[0004] In the above-mentioned thin film cold cathode, if the thin film electrode 13 side is made into straight polarity and 
several V voltage is impressed between the Si substrate 1 1 and the thin film electrode 13, tunnel pouring of the electron will 
be carried out from the Si substrate 1 1 to tunnel oxide-film 12a, and an electron with the speed energy called hot electron 
from the electron emission section 14 will be emitted to a vacuum. 
[0005] 

[Problem(s) to be Solved by the Invention] by the way - for operating the thin film cold cathode using the conventional hot 
electron as an electron source -- tunnel oxide-film 12a - several -- you have to impress the high electric field of MV/cm For 
this reason, sufficient isolation voltage is needed for tunnel oxide-film 12a. However, this tunnel oxide-film 12a is a thermal 
oxidation film obtained by supplying the oxygen dried as mentioned above into an oxidization furnace, and oxidizing the Si 
substrate 11. The destructive electric field of this oxide film were about 6-12 MV/cm. For this reason, the isolation voltage of 
tunnel oxide-film 12a was not enough, and dielectric breakdown of a tunnel oxide film had become a problem. 
[0006] In addition, the above-mentioned destructive electric field measure the current which flows to lamp voltage, and are 
the electric field in the oxide film calculated from the voltage which carries out dielectric breakdown. As [ show / by Fig.4 of 
Journal of Vacuum Science and Technology, vol.Bl 1, and pp.429 (1993), and Fig.5 (a) / the measuring method of current 
which flows to this lamp voltage ] Although not shown in these drawings, proof-pressure evaluation of a tunnel oxide film 
was performed by making into destructive electric field the electric field which the discontinuous point to which a high 
current flows rapidly exists if voltage is raised further, and consider as breakdown voltage with this discontinuous point, and 
are searched for. 

[0007] this invention is made in consideration of the above situations, and the purpose is in offering the thin film cold 
cathode which raised the isolation voltage property of the oxide film between a semiconductor substrate and a thin film 
electrode, and its manufacture method. 
[0008] 

[Means for Solving the Problem] Thin film cold cathode which starts this invention in order to solve the above-mentioned 
technical problem is characterized by providing the electrode which is the thin film cold cathode which emits an electron into 
a vacuum, was formed of thermal oxidation on; semiconductor substrate and this semiconductor substrate using the hot 
electron accelerated within the solid-state, and was formed on the oxide film to which gettering processing was performed, 
and this oxide film. Moreover, it is desirable that the above-mentioned gettering processing is halogen content oxidation 
treatment. 

[0009] In the above-mentioned thin film cold cathode, since an oxide film is formed on a semiconductor substrate by thermal 
oxidation which performed gettering processing, the alkali ion which exists in the inside of an oxide film and the interface of 
an oxide film and a semiconductor substrate by the gettering operation is removable. Thereby, the isolation voltage property 
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of an oxide film can be raised. 

[0010] Moreover, it is desirable that the above-mentioned oxide film is what causes dielectric breakdown by electric field 
10MV [/cm ] or more. Moreover, it is desirable that the above-mentioned electrode is formed with the metal or the low 
resistance semiconductor. 

[001 1] Using the hot electron accelerated within the solid-state, the manufacture method of the thin film cold cathode 
concerning this invention is the manufacture method of thin film cold cathode of emitting an electron into a vacuum, and is 
characterized by providing the process which forms an oxide film on this semiconductor substrate, and the process which 
forms an electrode on this oxide film by performing gettering processing and oxidizing thermally; semiconductor substrate 
front face. Moreover, it is desirable that the above-mentioned gettering processing is halogen content oxidation treatment. 
[0012] 

[Embodiments of the Invention] Hereafter, the form of 1 operation of this invention is explained with reference to a drawing. 
Drawing 1 (a) - (d) is the cross section showing the manufacture method of the thin film cold cathode by the form of 
operation of this invention. 

[0013] First, as shown in drawing 1 (a), after washing the front face of the Si substrate 1, the oxide film 2 for isolation for 
separating between the elements which adjoin each other on the front face of the Si substrate 1 is formed by wet oxidation. 
The thickness of this oxide film 2 for isolation is about about 500nm. 

[0014] Next, as shown in drawing 1 (b), a resist film (not shown) is applied on the oxide film 2 for isolation, and this resist 
film is processed into a desired pattern using lithography technology. Then, wet etching by buffer fluoric acid (BHF) etc. is 
given to the oxide film 2 for isolation by using this resist pattern as a mask. Thereby, a crevice (namely, portion which the 
front face of the Si substrate 1 exposed) is formed in the oxide film 2 for isolation, and this crevice turns into the electron 
emission section 4. 

[0015] Then, as shown in drawing 1 ( c), tunnel oxide -film 2a is formed in the portion which gave thermal oxidation by 
gettering processing (for example, halogen addition oxidation style), and Si substrate 1 front face exposed. Namely, oxygen 
02 which put in in the oxidization furnace which does not illustrate the Si substrate 1, and added halogen content gas like a 
hydrogen chloride HC1 in this oxidization furnace While supplying, it oxidizes thermally. Under the present circumstances, 
the halogen supplied to the Si substrate 1 carries out the getter of the alkali ion, such as sodium which exists in the inside of a 
tunnel oxide film, and the interface of tunnel oxide-film 2a and the Si substrate 1. Thereby, the isolation voltage of tunnel 
oxide-film 2a can be raised. 

[0016] Specifically, tunnel oxide-film 2a causes dielectric breakdown by the electric field of 10 or more MV/cm. This 
destructive electric field measure the current which flows to lamp voltage, and are the electric field in the oxide film 
calculated from the voltage which carries out dielectric breakdown. In addition, although the above-mentioned halogen 
addition oxidation style is technology currently used for the usual MOS process, there is no example which applied the 
electron to the cathode emitted into a vacuum. 

[0017] Next, as shown in drawing 1 (d), the thin film electrodes 3, such as aluminum, are formed by vacuum evaporationo 
etc. on tunnel oxide-film 2a and the oxide film 2 for isolation. 

[0018] In the above-mentioned thin film cold cathode, if the thin film electrode 3 side is made into straight polarity and 
several V voltage is impressed between the Si substrate 1 and the thin film electrode 3, tunnel pouring of the electron will be 
carried out from the Si substrate 1 to tunnel oxide-film 2a, and an electron with the speed energy called hot electron from the 
electron emission section 4 will be emitted to a vacuum. 

[0019] Since according to the form of the above-mentioned implementation the halogen addition oxidation style is used in 
case tunnel oxide-film 2a is formed in the front face of the Si substrate 1, the isolation voltage property of tunnel oxide-film 
2a can be raised by the gettering operation, and tunnel oxide-film 2a which does not cause dielectric breakdown even if it 
impresses higher voltage between the thin film electrode 3 and the Si substrate 1 can be obtained. Therefore, larger radiation 
current can be acquired in this thin film cold cathode. 

[0020] In fHditi^n, aUh^vsh the t hin film el ectrode 3 is formed with metals, such as aluminum, with the form of the above- 
mentioned implementation, it is also possiBleTo form a thin film electrode with the low resistance semiconductor with which 
the impurity was doped by high concentration. 
[0021] 

[Effect of the Invention] As explained above, according to this invention, an oxide film is formed on a semiconductor 
substrate by thermal oxidation which performed gettering processing. Therefore, the thin film cold cathode which raised the 
isolation voltage property of the oxide film between a semiconductor substrate and a thin film electrode, and its manufacture 
method can be offered. 



[Translation done.] 
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